With the development of GaN based blue light emitting diode ͑LED͒ and near UV LED, phosphor converted ͑pc͒ LEDs have received increasing interest in recent years for their promising applications on solid-state lighting. [1] [2] [3] [4] Phosphors that can effectively convert the blue light emitted by LED to a bluish green light with the peak wavelength around 505 nm is significant either for fabricating pc-green LEDs for green traffic lights or improving the color rendering of the commercial white LEDs fabricated using blue ͑In-,Ga͒N LED chips with merely yellow yttrium aluminum garnet ͑YAG͒:Ce phosphors. 5, 6 A few papers have reported efficient bluish green emitting phosphors suitable for blue LED excitation. Shimomura et al. developed a new phosphor, Ca 3 Sc 2 Si 3 O 12 :Ce 3+ , which can be applicable as a green-emitting color converter combined with blue LED. 7 The photoluminescence ͑PL͒ spectrum of this phosphor exhibits an emission band peaking at 505 nm with a broad shoulder at a longer wavelength of 540 nm, showing a yellowish green emitting color with low purity in bluish green.
In recent years, Eu 2+ -activated chlorosilicates have attracted more attention due to their high luminescent efficiency, low synthesis temperature, and high physical chemistry stability; for instance, Sr 5 Characterizations.-The structure of sintered samples was identified by an X-ray powder diffractometer ͑Rigaku D/MAX-2500 V͒ operating at 40 kV and 100 mA using Cu K␣ radiation ͑ = 1.54056 Å͒. A step size of 0.02°͑2͒ was used with a scanning speed of 4°/min. The measurements of PL and photoluminescence excitation ͑PLE͒ spectra were performed by using a Hitachi F4500 spectrometer equipped with a 150 W xenon lamp under a working voltage of 700 V. The excitation and emission slits were both set at 2.5 nm. The diffuse reflectance measurements are performed using the same spectrometer with BaSO 4 powder as a reflectance standard. Fluorescence lifetimes and high-resolution emission spectra were recorded by using the third harmonic ͑355 and 266 nm͒ of an Nddoped yttrium aluminum garnet pulsed laser ͑Spectra-Physics, GCR 130͒ as an excitation source. The signals were detected with a Tektronix digital oscilloscope ͑TDS 3052͒. We decided the Eu 2+ concentrations at which the PL intensities reach their maxima under 450 nm light excitation for Ca 3 
Results and Discussion
X-ray diffraction analysis.- Figure 1 shows the XRD patterns of CZSC͑x͒:0.02Eu 2+ ͑0 ഛ x ഛ 1.1͒. It can be seen that the crystal phase of the Zn free phosphor is the monoclinic Ca 3 SiO 4 Cl 2 ͑JCPDS card no. 24-0032͒. As Zn is added, an additional phase ͓the cubic Ca 8 Zn͑SiO 4 ͒ 4 Cl 2 crystal phase ͑JCPDS card no. 39-1421͔͒ forms and gradually grows up with increasing Zn content x. For x ജ 0.7, the phase segregation commences and the phase mixed phos-phors totally change into the single cubic Ca 8 Zn͑SiO 4 ͒ 4 Cl 2 phase. In this work, the CaCl 2 and ZnO mole ratio in the firing process of a Ca 8 Zn͑SiO 4 ͒ 4 Cl 2 phosphor is higher than the normal stoichiometric ratio. It is understandable that Cl and Zn could be evaporated in the form of CaCl 2 and metallic Zn during firing under the reducing atmosphere. 24 That is why excess CaCl 2 and ZnO are added in the reactant as preparation of chlorosilicates and sorosilicate phosphors. [11] [12] [13] [14] [15] [16] [17] [18] 25 Kang reported that the increase of the mole ratio of Cl/Ca is beneficial to crystallinity and phase purity, resulting in the enhancement luminescence intensity of Ca 8 Mg͑SiO 4 ͒ 4 Cl 2 :Eu 2+ . 15 Consequently, the nonstoichiometry is just supposed to form purity phases of Ca 8 Zn͑SiO 4 ͒ 4 Cl 2 in our present work.
PL and PLE properties of CZSC͑x͒:0.02Eu
2ϩ .-The PL and PLE spectra of CZSC͑x͒:0.02Eu 2+ ͑0 ഛ x ഛ 1.1͒ are shown in Fig.  2 , where each spectrum is normalized at the maximum of the spectral intensity. The PL spectra present a green emission band peaking at 505 nm due to Eu 2+ 4f 6 5d − 4f 7 transition, of which the position and the shape stay unchanged for various Zn contents x. In contrast to the PL, the spectral distribution of PLE exhibits a remarkable enhancement in the blue spectral range of 370-470 nm with increasing x. Especially for x ജ 0.7, the PLE peak position changes from the original at 325 nm to the final at 450 nm. In view of the phase change with x shown in XRD, the enhanced PLE band in the blue spectral region for x ജ 0.7 is attributed to the characteristic of the Ca 8 was subjected to a detailed high-resolution emission spectral investigation, another relatively weak emission line at 575 nm was observed, indicating that the Eu 3+ ions were situated at two distinct sites. According to the crystal structure given in Ref. 13 and 22, the site ratio of Ca͑II͒ against Ca͑I͒ is 3:1. We therefore infer that most of the Eu 3+ ions enter Ca͑II͒ sites, leading to the dominant emission line at 578 nm. As a result, we conclude that the contribution to the luminescence of the present phosphors is only made by Eu 2+ ͑II͒ ions upon near UV and blue excitation. Origin of luminescent enhancement.-The PL intensity is determined by two factors: the absorptivity ͑ ab ͒ for excitation light and internal quantum efficiency ͑ in ͒ including transferring excitation energy to activator and subsequent emitting. To understand which of the two factors results in luminescent enhancement, the diffuse reflection spectra are measured for various samples. Figure 4 depicts typical diffuse reflection spectra of some CZSC͑x͒:yEu 2+ samples. In Eu 2+ doped hosts, there are obvious absorptions in the range of 250-500 nm, which are derived from the 4f 7 -4f 6 5d electronic dipole allowed transitions of Eu 2+ . Using reflection spectra, we may estimate absorptivity at the excitation wavelength of 450 nm. Subsequently, we plot the integral PL intensities versus absorptivities for various samples as shown in Fig. 5 , where each dot represents one sample. One can find the PL intensities go linearly with absorptivity ͑ ab ͒, indicating that the different samples have the identical internal quantum efficiency because PL intensity is proportional to in ab . Therefore, the enhancement of the PL intensities in Ca 8 Fig. 5 , suggesting that the internal quantum efficiency of our samples is nearly the same as CSS:Ce 3+ . Figure 6 represents the PL decay curves of CZSC͑x͒:0.02Eu As an example, the decay pattern for x = 0.3 with a good fitting is shown in Fig. 6 . In fact, the lifetime is dominated by the radiative transition rate W R , and the nonradiative decay rate W NR , which can be written as = 1/͑W R + W NR ͒. Generally, the nonradiative rate increases with raising temperature. In Fig. 7 , the fluorescence lifetimes almost stayed unchanged against temperatures for the samples CZSC͑x͒:0.02Eu 2+ ͑x = 0, 0.3, and 0.9͒. This indicates that the nonradiative decay rate is much less than the radiative decay rate, leading to high internal quantum efficiency based on the relationship in = W R /͑W R + W NR ͒. 7, 21 With the purpose of a green emitting phosphor for LED devices, the PLE and PL spectra of CZSC:0.05Eu 2+ are presented in Fig. 8a with that of CMSC:0.1Eu 2+ and CSS:0.06Ce 3+ phosphors for comparison. The 
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